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. Thus, the depression of glutamate transmission was plastic over relatively brief periods.
Glutamatergic Deficits and Voltage-Gated Currents
Previously, we suggested that small, acute changes in sodium-dependent action potentials selectively depress glutamate release versus GABA release ( Figure 4F ). Taken together, the unchanged responses to exogenous agonist, the parallel change in AMPA and NMDA components of the EPSC, and the change in frequency (but not synaptic charge) of mEPSCs in both cultured neurons and in hippocampal slices suggested that a presynaptic deficit might underlie the K ϩ -evoked depression. A caveat of these experiments is that they do not exclude the possibility of parallel NMDA and AMPA receptor movement from synaptic to extrasynaptic locations. This possibility was addressed in tests of presynaptic change described below.
Tests for a Presynaptic Deficit
The preceding results suggest that K consistent with less than one vesicle released per terminal. These results suggest that the SV2-stained puncta primarily represent mature synapses. However, we obever, K ϩ depolarization had no effect on the average postsynaptic charge contributed by individual quanta served no difference in the number of SV2-positive puncta with exposure to elevated [K ϩ ] o ( Figure 5E ). We ( Figure 4C ). These data suggest that the synaptic deficit may be caused by a decrease in the number of vesicles therefore conclude that alteration of synapse number or size, defined by synaptic vesicle labeling, did not available for release. We also evoked mEPSCs with 5 M ionomycin to induce Ca 2ϩ -dependent release while change in response to depolarization. These results are consistent with the relatively rapid onset and offset bypassing endogenous Ca 2ϩ channels. Again, frequency of mEPSCs was strongly reduced (69%, p Ͻ0.01), with of the K ϩ -evoked depression (Figure 1 ) and suggest that entire synapses do not leave in response to prono change in mEPSC charge (data not shown).
In order to confirm the effects of tonic depolarization longed depolarization. To test directly for a functional presynaptic change, in situ, hippocampal slices were exposed to 60 mM K (Figure 2 ), possibly suggesting a mechanism additional to the p r change observed for IPSCs (Moulder et al.,  2003) . Second, comparison of action potential and sucrose-evoked release clearly suggested a change in p r common to both cell types and a change in total available vesicles selective to glutamate neurons ( Figures  7A-7E) . Third, we found that the effects on p r and the total available vesicles could be elicited and could recover with distinct time courses (Figures 7F-7I) . Fourth, we found that hyperkalemia-evoked release was depressed by 4 hr K ϩ treatment (Figures 8C and 8D) . Fifth, action potential trains suggested independent, temporally distinct effects on available vesicles and p r ( Figures  8E-8H) . Finally, progressive MK-801 block of NMDA EPSCs was altered only with 16 hr of exposure. The slower change in onset and recovery of the p r effect is consistent with a role for the depression in Ca 2ϩ current density; Franklin and colleagues have shown that depolarization-induced depression of Ca 2ϩ currents requires between 16 and 24 hr to be induced and to recover (Franklin et al., 1992) .
Our observation that the effects on the total available vesicles and on p r could occur separately and with distinct time courses contrasts with reports examining these parameters during development. Imaging experiments under a variety of conditions, including prolonged activity block, suggest that p r is determined by the size We observed that presynaptic terminals were still ceptors were depressed in parallel ( Figures 3A and 3B) ; present in K ϩ -depolarized glutamatergic cells and of the second, responses to exogenous transmitter agonists same size as in control neurons (Figures 5 and 9 ), yet were unchanged ( Figures 3C and 3D) 
